Background: Prevalence rates for both overweight and asthma have been increasing among children in developed countries over the past two decades. Some recent studies have postulated a causal relation between these but have lacked power to form a definitive conclusion. Aim: To estimate the effect of high body weight in childhood on the future risk of asthma. Methods: Medline search (1966( to October 2004, supplemented by manual search of reference lists and grey literature. Cohort studies that examined high body weight at birth or during childhood and future outcome of asthma were included. Data from each study were extracted on exposure status, clinical outcome, and study characteristics. Results: A total of 402 studies were initially identified, of which 12 met the inclusion criteria. The combined results from four studies that examined the effect of high body weight during middle childhood on the outcome of subsequent asthma showed a 50% increase in relative risk (RR 1.5, 95% CI 1.2 to 1.8). The combined results from nine studies that examined the effect of high birth weight on subsequent asthma had a pooled RR of 1.2 (95% CI 1.1 to 1.3). There was consistency among the results in sensitivity analyses examining studies containing only estimates of odds ratios, studies containing only the outcome of physician diagnosis of asthma, and studies including all definitions of high body weight. Conclusions: Children with high body weight, either at birth or later in childhood, are at increased risk for future asthma. Potential biological mechanisms include diet, gastro-oesophageal reflux, mechanical effects of obesity, atopy, and hormonal influences. Further research might elucidate the causal pathway, which could improve our understanding of the pathophysiology of asthma and perhaps lead to knowledge of potential preventive interventions.
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A sthma is a major cause of morbidity and mortality among children, and the prevalence of asthma has been steadily rising over the past two decades. 1 This increase has been attributed to air pollution, environmental tobacco smoke, smaller family size, and decreased exposure to infectious agents, but has yet to be fully explained. [2] [3] [4] The prevalence of overweight has also been increasing among children in the developed world, 5 and an association between high weight and asthma has been found in both in adult [6] [7] [8] [9] and paediatric populations. [10] [11] [12] [13] [14] Preliminary research has indicated several plausible biological mechanisms for this relation. Some researchers have identified dietary components that might provide a link between overweight and asthma. [15] [16] [17] [18] [19] Long chain fatty acids and antioxidants show some tendency towards reducing the risk of asthma, whereas polyunsaturated fats have been postulated to increase risk. 17 18 Gastro-oesophageal reflux may also be a potential cause of association between high body weight and asthma in both adults and children. 20 21 Other causal pathways may involve hormonal influences, 22 23 atopy, 24 25 and the mechanical effects of obesity. 10 Several recent longitudinal studies on the effect of high weight during childhood on asthma have not had entirely consistent results, in part because some cohorts were designed for other purposes and therefore lacked power to assess the association between high body weight and future risk of asthma. We present here a systematic review and meta-analysis of cohort studies to estimate the direction and magnitude of the association between high body weight and asthma.
METHODS

Literature search
We searched Medline (US National Library of Medicine) from January 1966 to October 2004 to obtain all publications with longitudinal studies which reported a numerical calculation of the effect of high body weight during childhood on future risk of asthma. The Medline search used the Medical Subject Headings (MeSH) term ''asthma'' or textword term ''asthma'' and the MeSH terms ''overweight'', ''obesity'', and ''body weight'', as well as the textwords ''overweight'', ''obesity'', and ''body weight''. These were searched using limits that included all children using MeSH terms ''infant'', ''child'', and ''adolescent''. The search was followed by manual examination of the reference lists of included articles and review articles and a manual review of the grey literature, including conference proceedings and abstracts. There were no language restrictions. If an author published more than one study on this topic, then more than one study was included only if the study populations were independent. If the populations were not independent, the more recent analysis was used. One reviewer judged whether identified studies met our inclusion criterion and abstracted data from the included studies.
Our primary predictor variable was high body weight, measured by either body mass index (BMI), Ponderal index, or birth weight alone (table 1). We defined high body weight as BMI >85th centile for age and gender, Ponderal index >2.5 g/cm 3 or >27 kg/m 3 , and birth weight >3.8 kg. The primary outcome variable was the development of asthma not present at baseline. We included studies that defined the outcome of asthma as physician diagnosis of asthma, hospitalisation for asthma, use of asthma medications, or frequent wheezing in a subject past infancy (table 1). Both predictor and outcome variables were dichotomous.
Statistical methods and analysis
We abstracted odds ratios (OR), RR, and 95% confidence intervals (CI) from all studies. To convert CIs from the various studies into estimates of the variance of the log(RR), we transformed the interval to a log scale and then calculated standard error. To combine data we used the meta-analysis routine in Stata 8.2 (Stata Corp., College Station, TX). We calculated a pooled summary relative risk according to both a fixed effects model, which used the inverse of the variance as the weight, and a random effects model, which uses the sum of the inverse of the variance and the moment estimator of the variance as the weight. 26 We evaluated the possibility of publication bias with a Begg's funnel plot and with Egger's test. 27 28 We analysed the effect of high birth weight and high body weight during middle childhood on the risk of future outcome of asthma. We conducted three sensitivity analyses to examine some of the assumptions of our models. In one, we analysed the estimated effect of any measure of high childhood weight combined on the outcome of asthma. In the second, in order to examine the effect of using odds ratios as estimates of the relative risk, we looked separately at those studies reporting odds ratios. In the third, in order to examine the effect of differences in outcome measures, we looked separately at those studies with an outcome of physician diagnosis of asthma. We used the cumulative meta-analytic technique proposed by Lau and colleagues 29 to check homogeneity of results.
RESULTS
Of the 402 papers found by the search, we identified 16 articles that presented original research with unique populations showing the effect of high body weight either at birth or during childhood on the future outcome of asthma. From these, 12 articles expressed future risk of asthma as a dichotomous outcome compared with children of average or normal body weight (table 1). One study was excluded because the effect of body weight was expressed as a continuous outcome, and no method is available to combine continuous results with the results of dichotomous studies. Two studies were excluded because the only available baseline was low body weight, and low body weight in newborns and children may be associated with other risk factors for respiratory disease. One study was excluded because birth weight as an exposure was adjusted for subsequent BMI (table 2). All 12 included studies had medium-to-high quality scores (median score 7; range 6-8 (of 9 possible points)). 30 All 12 were cohort studies, either prospective (n = 8) or retrospective (n = 4). Seven studies reported their results as odds ratios, and five reported relative risks.
Childhood BMI
We analysed the four studies reporting estimates of effect of high body weight in school aged children on future outcome of asthma. 24 31-33 The studies all used BMI >85th centile for age and gender as the predictor variable. In one of the studies eligible for inclusion, data were presented separately for boys and girls without pooling, and we used incidence information from the study to recalculate a pooled summary statistic and a pooled variance. 32 34 In another eligible study, data were presented separately for boys and girls without sufficient incidence information to allow pooling. For this study we entered results for boys and girls separately into the metaanalysis. 33 RR in these four studies ranged from 1.24 to 3.2. The studies had good homogeneity (p = 0.392). The der Simonian and Laird estimate of between studies variance was 0.002. The pooled summary RR was 1.5, with both fixed and random effects models giving a 95% CI of 1.2 to 1.8. Thus, studies with an estimate of effect of high body weight in school aged children estimated that those with high body weight have a future risk of asthma equal to 1.5 times the future risk of children without high body weight (fig 1) . Analysis for metabias by Begg's test showed general symmetry around the median line, and Egger's test revealed no evidence of publication bias.
High birth weight
Nine studies reported estimates of the effect of high body weight at birth on risk of future asthma. 24 35-42 In these studies, high body weight was identified using either elevated Ponderal index or elevated birth weight. RR for high body weight at birth ranged from 0.89 to 1.86. These nine studies had a low level of heterogeneity (p = 0.440). The Der Simonian and Laird estimate of between studies variance was ,0.001. Fixed effects and random effects models gave the same pooled summary RR and CI (RR 1.2, 95% CI 1.1 to 1.3) (fig 2) . Analysis for metabias by Begg's test showed general symmetry around the median line, and Egger's test revealed no evidence for publication bias. 
Sensitivity analyses
Combined model
We also created a model in which studies of both high birth weight and high BMI during childhood were combined to determine an estimate of the summary effect of increased body weight. All 12 studies were used in this model. Of note, one of the included studies contained information for both high birth weight and childhood BMI >85%, and in the combined model the estimate for the effect of birth weight was used. 24 The range of RR in this combined model was 0.89 to 3.2, with borderline evidence of heterogeneity (p = 0.206). The der Simonian and Laird estimate of between studies variance was 0.012. This level of heterogeneity suggests that the two different exposures of high birth weight and high weight during childhood might be related but distinct. The combined model had a summary relative risk of 1.2 (95% CI 1.1 to 1.3) for the fixed effects estimate and 1.3 (1.1 to 1.5) for the random effects estimate, consistent with the observed borderline heterogeneity.
Odds ratios only
Seven studies reported data for the effect of high weight on risk of future asthma as odds ratios (OR). All of these studies used multivariate logistic regression to obtain results. The effect of high weight on asthma in studies reporting OR was analysed in a subgroup analysis. The range of OR varied from 1.00 to 3.2, with a low level of heterogeneity (p = 0.529). The fixed effects and random effects models gave the same results, with a summary odds ratio of 1.4 (95% CI 1.2 to 1.7).
Physician diagnosis only
Eight studies reported data for the effect of high weight on risk of future asthma diagnosed by a physician, which may be a more precise measure of outcome. The effect of high weight on asthma in these studies was examined in a subgroup analysis. The range of RR varied from 0.89 to 1.86, with an acceptable level of homogeneity (p = 0.329). The fixed effects and random effects models gave the same results, with a summary odds ratio of 1.3 (95% CI 1.1 to 1.5).
Cumulative meta-analysis
Cumulative meta-analysis of all studies showed that results of studies from earlier years were somewhat inconsistent with our current findings (fig 3) . Early studies of the effect of high weight on asthma showed a negative association. Studies published by the year 2000 showed a positive association, but with a p value greater than 0.05. Not until 2001 did the p value fall below 0.05, and not until 2002 did the p value fall below 0.01 (table 3) .
DISCUSSION
By conducting a systematic review and meta-analysis of the effect of high weight on future risk of asthma, we have obtained an estimate that suggests that high body weight among school aged children increases the risk of future asthma by approximately 50%. The effect of high birth weight appears to be less pronounced but still quite significant, with an RR of 1.2 compared to babies without high birth weight. The association between high weight and asthma remains significant when combining estimates of all age groups for analysis and also remains strong when results reported as ORs are analysed separately from those reported as RRs and when the definition of outcome is narrowed to include physician diagnosis only. These findings have important implications for public health. The past 20 years have seen a dramatic increase in both high BMI and asthma, and it seems possible that increasing weight may have contributed to increasing asthma. The prevalence of overweight among 6-11 year olds in the United States has recently been estimated to be 15.3%, while that among 12-19 year olds was estimated at 15.5%. 43 The population attributable risk could therefore be estimated at 0.066, meaning that 6.6% of all cases of childhood asthma are due to overweight. The 2000 census counted 41.1 million Americans between the ages of 5 and 14 years. Given a prevalence rate for paediatric asthma of 57.8 per 1000, 1 the results of this meta-analysis suggest that over 100 000 American children in this age group suffer from asthma each year as a result of being overweight. The impact of high weight could increase further when high birth weight is also considered.
The purpose of this study was to evaluate the effect of high body weight on the development of asthma. This goal is complicated by the fact that weight is not one of the largest contributors to the development of asthma, and the effect of weight on asthma is likely to be relatively weak compared to other risk factors such as atopy, air pollution, and family history of asthma. It is further complicated by the facts that currently available cohort studies are diverse in both exposure measures and in outcome measures.
Several sources of bias should be considered in the interpretation of these results. First, misclassification of exposure is a potential source of bias in this systematic review, especially due to the acceptance of three different definitions of high body weight, the acceptance of high body weight at a variety of ages, and the possibility that BMI centile standards varied for different cohorts. However, significant misclassification of exposure would be expected to either bias findings towards the null result of no association between exposure and outcome or cause significant heterogeneity in the meta-analysis model. Also, there is no indication that there is a threshold level for weight that sharply demarcates those at increased risk from those with average risk. The levels of homogeneity found in the significant results in the meta-analysis suggest that the association found between high body weight and asthma is not due to misclassification of exposure.
Another potential source of bias is misclassification of outcome. This is a concern both for the meta-analysis as a whole, which includes several different definitions of outcome and includes several different ages for the assessment of outcome, and within the individual studies, especially due to diagnostic bias. Regarding potential misclassification of outcome due to the acceptance of several different criteria for outcome in this meta-analysis, it is important to note that the subset analysis examining the outcome of physician diagnosis of asthma shows results very similar to the other models. This argues against significant bias from the use of several different criteria for outcome. Misclassification of outcome from varying age at time of outcome remains a possible source of bias in this paper, although the relatively good homogeneity in the models would argue against a strong bias from this source.
Regarding misclassification of outcome within the individual studies, the results of the analysis of effect of birth weight argue against significant diagnostic bias. Parents (and doctors) of larger babies do not view them as more sickly than smaller babies, and so it is unlikely that they would report increased rates of either physician diagnosis of asthma or asthma treatment or hospitalisation due to high birth weight. Nevertheless, the possibility of diagnostic bias cannot be completely eliminated in the meta-analysis and remains a potential limitation. An additional source of potential systematic error is publication bias, which is especially concerning because some of the included papers are based on findings from cohorts designed for other purposes. However, the Begg and Egger tests did not offer any evidence for publication bias, and a review of the grey literature did not reveal any additional research meeting inclusion criteria.
This study offers strong evidence that high body weight during middle childhood increases the odds of future asthma by approximately 1.5-fold, and that high birth weight increases the odds of asthma 1.2-fold. However, an important limitation of our analysis is the inability to adjust for individual confounding variables, such as other types of atopic disease, environmental tobacco exposure, family history of asthma, and gender. Although the individual studies adjusted for variables as they reached significance in their population, the meta-analysis cannot examine how these might modify the relation between weight and asthma. Also, several studies did report results differently for boys and girls, but there were not enough of these to allow for subset analysis by gender in this paper. This is an important limitation, as some researchers have found association to differ by gender, and others have not. 32 33 44 In order to examine the effect of other predictor variables on the relation between body weight and risk of subsequent asthma, the ideal future study would follow a very large cohort of children from birth through adolescence. Simple information such as weight and height would need to be collected at regular intervals, and asthma status would be assessed annually. Such a study could also collect data on types of dietary intake, age of pubertal changes, and gastric and atopic symptoms, and might even be able to perform forced expiratory volume (FEV 1 ) testing to reduce diagnostic bias. This type of research could examine the effects of additional predictor variables both singly and in combination on the relation between high body weight and risk of asthma, and might result in new knowledge about the causes of the disease. Improved knowledge about the causal pathways leading to an association between high body weight and asthma could result in improved understanding of the pathophysiology involved in the dramatic increase in What is already known on this topic N Some studies have found that high birth weight and high BMI in childhood are predictive of future asthma, while others have shown no association What this study adds N This paper provides a systematic review and metaanalysis of the studies on this topic and shows that both high birth weight and high BMI during childhood are predictive of future asthma N High birth weight is associated with a RR of 1.2 (95% CI 1.1 to 1.3) for future asthma, while high BMI during childhood is associated with a RR of 1.5 (95% CI 1.2 to 1.8) for future asthma. Over 100 000 children in the United States may suffer from asthma due to childhood overweight Flaherman, Rutherford www.archdischild.com on 11 August 2008 www.fetalneonatal.com prevalence of asthma, which could potentially lead to important knowledge about methods for prevention of this common childhood disease.
